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Current concepts for a Solar Power Satellite (SPS) are inherently large systems. 
In the relatively benign external load environment of space; however, the char- 
acteristics and design requirements for the structure and control systems are 
quite different from a terrestrial system. To provide a perspective on these 
systems, and to provide some background for the more comprehensive papers which 
follow, a rather simplistic but indicative analysis on a representative configu- 
ration has been developed. It should be emphasized that this approach addresses 
a particular concept only as a mechanism for providing insight. 

The first figure illustrates the representative configuration masses and dimen- 
sions in convenient approximate magnitudes. The largest magnitude external in- 
fluences are illustrated in the second figure. There are, of course, many 
smaller external disturbances which must be considered in the design of a real 
system as well as control forces, forces between conductors, inertial and grav- 
ity loading and the most significant internal loading, isometric stress for 
stiffness. The lightest weight structure can be achieved through the use of 
the most efficient structural elements (axially loaded members). A cable or 
membrane represents the most efficient structural elements, however these ele- 
ments are limited to tension. To take compression, a column or truss must be 
designed to be stable from buckling. For lightly loaded and long columns, the 
most efficient approach is to build a tier of smaller efficient elements as il- 
lustrated in Figure 3. Note that as the structure is tiered the mass character- 
istics approach a proportionality to material density and load and an inverse 
proportionality to Young's Modulus (E). In general, the structural mass can be 
reduced by configurations which use fewer but larger compression members. A 
significant point is that in spite of the large scale of SPS structures, the 
lightly loaded columns can be designed by minimum gauge material considerations. 

The prime design consideration for the SPS structure and control systems is 
dynamic stability. The classical approach for achieving a dynamically stable 
system is to employ a frequency separation as illustrated by the frequency 
hierarchy in Figure 4. The greatest magnitude disturbance is the gravity gradi- 
ent torque which cycles only twice a day. A simple attitude control law ap- 
proach, as illustrated in Figure 5, gives a control correction frequency which 
is proportional to the square root of the disturbance torque derived by the 
allowable angular momentum impulse deadband. The system dynamic frequencies, 
as governed by the structural stiffness and overal system mass, are dependent 
primarily on geometry as illustrated in Figure 6. The largest component of 
this SPS mass is the solar cell blankets which, to first order, behave as mem- 
branes with a frequency dependence as illustrated in Figure 6. 

Classical frequency separation is possible for the isolated major system com- 
ponents of the example configuration as illustrated in Figure 7. If the array 
and the antenna were isolated for this example configuration, the structure con- 
trol interaction would be minimal. Since these components are connected by the 
rotary joint, the dynamics and control characterization requires a more in-depth 
analysis. The significance of structure control interaction and the signifi- 
cance of stiffness to the minimization of dynamic energy is illustrated in Figure 
8 by the dimensionless plot of energy against time for a step function input to 
a simple beam. There do not appear to be any insoluble problems associated with 
the dynamics and control of an SPS but it is an area requiring more in-depth 
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analysis and experiments. 


The thermal environment for an SPS is dominated by solar radiation and waste 
heat rejection by the antenna, in the example configuration. Thermal distor- 
tion can significantly reduce the buckling stability for a compression column 
as illustrated in Figure 9. This can be avoided by structural configuration 
design, appropriate thermal control, use of a low coefficient of thermal ex- 
pansion (CTE) material or a combination of these. The daily solar cycle of 
the antenna could also lead to unacceptable thermal distortion if similar tech- 
niques were not employed. The significant parameters to the distortion of an 
antenna is illustrated in Figure 10. An in-depth assessment of the achievable 
flatness for the reference system antenna was studied by General Dynamics, 
Convair. As given in Figure 11, the results of this study indicate that the 
desired flatness of 2 arc minutes could be achieved by state-of-the-art 
manufacturing tolerance, within maneuvering distortions and within thermal 
distortion if a low CTE material is used. An existing graphite/epoxy 
(GY-70/X-30 pseudoisotropic) was used to provide a realistic assessment of 
material properties and variations in properties. The transient thermal en- 
vironment associated with biannual occulations can induce dynamic distortions 
of the overall system depending on the detailed thermal response character- 
istics and configuration. The dynamic response of the example configuration 
can be held to a minimum if the structural material is a low CTE material. 

The prime findings of the SPS studies to date in the areas of structures and 
controls are listed in Figure 12. Although the SPS has a significant need for 
engineering and development work by analysis and experiment in the structures, 
controls and materials areas, there do not appear to be any insurmountable 
problems in these areas. There is a definite need for technology development 
in these areas, however. An in-depth assessment of the control system design 
and associated system performance is still needed. The significant inter- 
relationships between control sensors, actuators and structural response are 
not well understood. The limitations of structural and dynamic modeling and 
their significance to control and system performance require assessment. First 
order analysis indicate that a 7% scale system ( A% full scale energy) in low 
earth orbit can provide a reasonable similitude for verification testing of the 
structure and control systems. 

There is also a need to develop an understanding of the long term behavior of 
materials and coatings in the SPS operating environment. The behavior of 
materials under the particulate, UV radiation and plasma exposure with low 
level stress and thermal cycling needs quantification. The significance of 
construction and assembly to structural design, material selection and control 
requirements cannot be underemphasized. Overall, the SPS system is an intrigu- 
ing challenge to the control, structures and materials specialists. 
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